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We sought to determine which

factors influence the association be-

tween menarche and conception

among adolescent study partici-

pants (n=1030), who demonstrated

an earlier age of menarche than did

national samples. Age at first sexual

intercourse (coitarche) mediated the

relationship between age at menar-

che and first pregnancy among

White girls, whereas gynecologic

age at coitarche (age at coitarche

minus age at menarche) and age at

menarche explained the timing of

the first pregnancy among Black and

Hispanic girls. Pregnancy preven-

tion interventions to delay coitarche

should also include reproductive ed-

ucation and contraception. (Am J

Public Health. 2008;98:1822–1824.

doi:10.2105/AJPH.2007.120444)

Early-maturing females tend to become preg-
nant at younger ages than do later-maturing
females.1–4 Speculations about this nonrandom
association include the effect of sex hormones,5

the schism between rapid physical development
and cognitive and psychosocial maturity,6–13 and
genetic influences.14–26 Given the trend toward
earlier menarche27–29 and the desirability of
preventing adolescent childbearing,22,30,31a bet-
ter understanding of the underlying mechanisms
could improve pregnancy prevention interven-
tions for young adolescent girls.

Among nulligravid American girls, Black
females tend to mature at an earlier age than do
Hispanic and White girls.27–29 However, a re-
port by Deardorff et al.6 indicates that pregnant
Black adolescents had a later menarche than
did White adolescents. Whereas the age at
menarche for White participants was early by
US standards, the age at menarche for Black
participants was not.6,27–29 This unanticipated
finding is intriguing and motivated this analysis.

We speculated that early physical matu-
ration is not an important antecedent of early
childbearing among Black Americans because
the prime mediator of the relationship between
early menarche and early pregnancy, early age
at coitarche,6 is more normative among Black
than among White American girls.30 Accord-
ingly, we tested the hypothesis that in a cohort
of pregnant adolescents, coitarche explains
the association between menarche and first
pregnancy among White girls, but fecundity
(i.e., fertility) at coitarche underlies the associ-
ation between these two events among Black
and Hispanic girls.

METHODS

Study participants were a racially and
ethnically diverse group (31.4% White, 29.9%
Black, and 38.7% Hispanic) of 1030 pregnant,
primigravid adolescents aged 13 to 18 years.
The primary source of data was the Electronic
Report on Adolescent Pregnancy of the Colo-
rado Adolescent Maternity Program.32

Age at menarche was self-reported, and
early menarche was defined as age 10 years or
younger.27,33 Age at first conception was cal-
culated from the patient-reported date of the last
menstrual period and verified by ultrasound
examination.34 Early pregnancy was defined as
conception at age 15 years or younger.22,31,35

Reproductive maturity at coitarche was defined
as gynecologic age at first intercourse (age at
coitarche minus age at menarche), truncated at
5 years.19,33,36,37 Age at coitarche was self-
reported; early coitarche was defined as age
14 years or younger.7–13 Body mass index was
used to assess prepregnant body size and was
computed as self-reported prepregnant weight
in kilograms divided by measured height2 in
meters,38 and trichotomized as under-, average,
and overweight.39

Summary statistics and Pearson correla-
tions were used to describe the study population
and examine the association between study

variables. Mean and proportion comparison tests
(the t test and analyses of variance for continuous
variables and the c2 test for categorical variables)
were used to test for significant race and ethnic
group differences in age at menarche, coitarche,
and conception. Hierarchical, forward, stepwise
linear regression, with menarche entered as the
first block, and the 3 explanatory variables as the
second, were used to predict age at first preg-
nancy. The data were analyzed with SPSS
version 14 (SPSS Inc, Chicago, IL).

RESULTS

Age at menarche, coitarche, and first con-
ception are presented in Table 1. Menarche
occurred at essentially the same age in all 3
groups. White adolescents reported an earlier
coitarche than did their Black and Hispanic
peers. Black and Hispanic adolescents conceived
at an earlier age than did White adolescents.

Results of regression analyses supported
our hypothesis (Table 2). Age at coitarche was
the strongest predictor of age at first pregnancy
among White girls. The inclusion of this variable
significantly decreased the effect of age at men-
arche, almost entirely mediating the relationship
between age at menarche and that at conception.
Gynecologic age at coitarche was the strongest
predictor of age at first pregnancy among Black
and Hispanic girls. The inclusion of this variable
in the model enhanced the explanatory power of
age at menarche, implying a complex interaction.

DISCUSSION

Although this study was limited by the
size and selectivity of the study population, and
by the self-reported biases bearing on age at
menarche and coitarche, our findings are
consistent with prior reports5–6; American ado-
lescents who become pregnant experience men-
arche at an earlier age than do their nulligravid
peers.29 This is particularly true for White girls.

Among Black and Hispanic adolescent
girls, gynecologic age was the strongest predictor
of age at first pregnancy. Our findings suggest
that Black and Hispanic girls may have a higher
likelihood of conception than do White girls
who engage in the same level of sexual risk-
taking behaviors, because they show a longer
period between menarche and coitarche. As
such, Black and Hispanic girls are more fertile
when they begin engaging in sexual activity,
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because it usually takes females 3 to 5 years to
become fully fecund after menarche.19,24,33,36,37

Our findings suggest that interventions that
focus on delaying coitarche may be counterpro-
ductive because they could inadvertently shift
early sexual experimentation, which is dispro-
portionately underprotected,40,41 into a more
fertile period of the adolescent reproductive
cycle. Therefore, health care providers need to
also provide reproductive education and con-
traceptive counseling to adolescents. j

About the Authors
Jessica Dunbar, Jeanelle Sheeder, Dennis Lezotte, and Dana
Dabelea are with the Department of Preventive Medicine
and Biometrics, University of Colorado, Denver, Health
Sciences Center, Denver. Jeanelle Sheeder and Catherine
Stevens-Simon are with the Department of Pediatrics,
University of Colorado, Denver, Health Sciences Center,
Denver.

Requests for reprints should be sent to Jeanelle Sheeder,
MSPH, University of Colorado Denver—Health Sciences
Center, 13 123 E. 16th Ave, Box B025, Aurora, CO
80045 (e-mail: jeanelle.sheeder@uchsc.edu).

This brief was accepted May 26, 2008.

Contributors
J. Dunbar conceptualized this project, completed the
literature review, and assisted with data analysis. J.
Sheeder designed the study and completed the data
analysis. D. Lezotte oversaw the project and assisted and
reviewed data analysis. D. Dabelea assisted with the
literature review. C. Stevens-Simon oversaw the project
and assisted and reviewed data analysis. All authors
assisted in the writing of the article.

Acknowledgments
The authors thank the Colorado Adolescent Maternity
Program staff for their assistance in data collection and
willingness to participate in research.

We would also like to acknowledge Catherine
Stevens-Simon’s contribution to this article and her life-
long dedication to the Colorado Adolescent Maternity
Program. After a long battle with cancer, Stevens-Simon
passed away November 2007. She is greatly missed.

Human Participant Protection
This study was approved by the institutional review
board at the University of Colorado Health Sciences
Center and by the Colorado Multiple Institutional Review
Board (no. 91-428).

References
1. Sisk CL, Foster DL. The neural basis of puberty and
adolescence. Nat Neurosci. 2004;7:1040–1047.

2. Udry JR. Age at menarche, at first intercourse, and at
first pregnancy. J Biosoc Sci. 1979;11:433–441.

3. Udry JR. Biological predispositions and social control
in adolescent sexual behavior. Am Sociol Rev.
1988;53:709–722.

4. Carel JC, Elie C, Ecosse E, et al. Self-esteem and social
adjustment in young women with Turner
syndrome—influence of pubertal management and

TABLE 1—Chronologic Age at Reproductive Milestones Among Adolescent Girls (N=1030):

Colorado Adolescent Maternity Program, 1991–2005

Race/Ethnic Group

White (n = 323) Hispanic n = 399 Black n = 308 Total n = 1030

Menarche

Age, y, mean 6SD 12.0 61.4 11.9 61.4 11.9 61.6 11.9 61.4

Early menarche, % 10.5 13.4 15.6 13.1

Coitarche

Age, y, mean 6SD 14.5 61.5a 14.8 61.4a 14.6 61.4 14.6 61.5

Early coitarche, % 50.5 44.6 50.3 48.2

First pregnancy

Age, y, mean 6SD 16.7 61.3b 16.5 61.3b 16.4 61.4b 16.5 61.4

Early first pregnancy, % 30.7 34.8 35.7 33.8

Note. Early menarche was defined as age 10 years or younger. Early coitarche was defined as age 14 years or younger.
aPost hoc tests revealed that White was less than Hispanic (P < .02).
bTest for trend revealed .03; post hoc analyses revealed that Black and Hispanic were less than White, with P = .03 and
.05 respectively.

TABLE 2—Prediction of Chronologic Age at First Pregnancy Among Adolescent Girls:

Colorado Adolescent Maternity Program, 1991–2005

Group B Adjusted R2 R2 Changea F F Changea P

All (N = 1030)

Step 1: Menarche, y 0.2 4.4 48.1 <.001

Step 2

Menarche, y 0.5 26.7 22.3 188.0 139.9 <.001

Gynecologic age at coitarche, y 0.5

White (n = 323)

Step 1: Menarche, y 0.2 5.5 19.7 <.001

Step 2

Menarche, y 0.1 24.0 18.5 51.7 32.0 <.001

Chronologic age at coitarche, y 0.4

Hispanic (n = 399)

Step 1: Menarche, y 0.2 2.4 10.7 <.001

Step 2

Menarche, y 0.5 30.1 27.7 86.6 75.9 <.001

Gynecologic age at coitarche, y 0.5

Black (n = 308)

Step 1: Menarche, y 5.4 18.4 <.001

Step 2 0.2

Menarche, y 0.5 27.4 22.0 58.9 40.5 <.001

Gynecologic age at coitarche, y 0.5

Note. Gynecologic age was defined as age at coitarche minus age at menarche. Step 1 of the hierarchical regression models
included, chronologic age at menarche; step 2 included gynecologic age at coitarche, chronologic age at coitarche, and
prepregnant body mass index.
a‘‘Change’’ indicates improvement in R2 or F when the second predictor is added.

RESEARCH AND PRACTICE

October 2008, Vol 98, No. 10 | American Journal of Public Health Dunbar et al. | Peer Reviewed | Research and Practice | 1823



sexuality: population-based cohort study. J Clin Endocri-
nol Metab. 2006;91:2972–2979.

5. Hoff C, Wertelecki W, Zansky S, et al. Earlier
maturation of pregnant Black and White adolescents. Am
J Dis Child. 1985;139:981–986.

6. Deardorff J, Gonzales NA, Christopher FS, Roosa
MW, Millsap RE. Early puberty and adolescent preg-
nancy: the influence of alcohol use. Pediatrics. 2005;
116:1451–1456.

7. Cooksey EC, Mott FL, Neubauer SA. Friendships and
early relationships: links to sexual initiation among
American adolescents born to young mothers. Perspect
Sex Reprod Health. 2002;34:118–126.

8. Vanoss Marin B, Coyle KK, Gomez CA, Carvajal SC,
Kirby DB. Older boyfriends and girlfriends increase risk
of sexual initiation in young adolescents. J Adolesc Health.
2000;27:409–418.

9. Marin BV, Kirby DB, Hudes ES, Coyle KK, Gomez
CA. Boyfriends, girlfriends and teenagers’ risk of sexual
involvement. Perspect Sex Reprod Health. 2006;38:76–
83.

10. O’Donnell BL, O’Donnell CR, Stueve A. Early sexual
initiation and subsequent sex-related risks among urban
minority youth: the reach for health study. Fam Plann
Perspect. 2001;33:268–275.

11. Goodson P, Evans A, Edmundson E. Female
adolescents and onset of sexual intercourse: a theory-
based review of research from 1984 to 1994. J Adolesc
Health. 1997;21:147–156.

12. Graber JA, Lewinsohn PM, Seeley JR, Brooks-Gunn
J. Is psychopathology associated with the timing of
pubertal development? J Am Acad Child Adolesc Psychi-
atry. 1997;36:1768–1776.

13. Dickson N, Paul C, Herbison P, Silva P. First sexual
intercourse: age, coercion, and later regrets reported by
a birth cohort. BMJ. 1998;316:29–33.

14. Frisch RE, McArthur JW. Menstrual cycles: fatness as
a determinant of minimum weight for height necessary for
their maintenance or onset. Science. 1974;185:949–951.

15. De Souza MJ, Van Heest J, Demers LM, Lasley BL.
Luteal phase deficiency in recreational runners: evidence
for a hypometabolic state. J Clin Endocrinol Metab.
2003;88:337–346.

16. Ferin M. Clinical review 105: stress and the reproduc-
tive cycle. J Clin Endocrinol Metab. 1999;84:1768–1774.

17. Shalitin S, Phillip M. Role of obesity and leptin in the
pubertal process and pubertal growth—a review. Int J
Obes Relat Metab Disord. 2003;27:869–874.

18. Posner RB. Early menarche: a review of research on
trends in timing, racial differences, etiology and psycho-
social consequences. Sex Roles. 2006;54:315–322.

19. Tanner JM. Growth at Adolescence, with a General
Consideration of the Effects of Hereditary and Environmental
Factors upon Growth and Maturation from Birth to Maturity.
Oxford, England: Blackwell Scientific Publications; 1962.

20. Lee JM, Appugliese D, Kaciroti N, Corwyn RF,
Bradley RH, Lumeng JC. Weight status in young girls and
the onset of puberty. Pediatrics. 2007;119:e624–e630.

21. Slyper AH. The pubertal timing controversy in the
USA, and a review of possible causative factors for the
advance in timing of onset of puberty. Clin Endocrinol
(Oxf). 2006;65:1–8.

22. Elfenbein DS, Felice ME. Adolescent pregnancy.
Pediatr Clin North Am. 2003;50:781–800.

23. Guo Y, Shen H, Xiao P, et al. Genomewide linkage
scan for quantitative trait loci underlying variation in age
at menarche. J Clin Endocrinol Metab. 2006;91:1009–
1014.

24. Treloar SA, Martin NG. Age at menarche as a fitness
trait: non-additive genetic variance detected in a large
twin sample. Am J Hum Genet. 1990;47:137–148.

25. Damon A, Damon ST, Reed RB, Valadian I. Age at
menarche of mothers and daughters with a note on
accuracy of recall. Human Biol. 1969;41:160–175.

26. Kahn JR, Anderson KE. Intergenerational patterns
of teenage fertility. Demography. 1992;29:39–57.

27. Chumlea WC, Schubert CM, Roche AF, et al. Age at
menarche and racial comparisons in US girls. Pediatrics.
2003;111:110–113.

28. Sun SS, Schubert CM, Chumlea WC, et al. National
estimates of the timing of sexual maturation and racial
differences among US children. Pediatrics. 2002;
110:911–919.

29. Wu T, Mendola P, Buck GM. Ethnic differences in
the presence of secondary sex characteristics and men-
arche among US girls: the Third National Health and
Nutrition Examination Survey, 1988–1994. Pediatrics.
2002;110:752–757.

30. Santelli JS, Lindberg LD, Abma J, McNeely CS,
Resnick M. Adolescent sexual behavior: estimates and
trends from four nationally representative surveys. Fam
Plann Perspect. 2000;32:156–165.

31. Stevens-Simon C, Beach R, McGregor JA. Do in-
complete pubertal growth and development predispose
teenagers to preterm delivery? A template for research.
Am J Perinatol. 2002;22:315–323.

32. Sheeder J, Scott S, Stevens-Simon C. The Electronic
Report on Adolescent Pregnancy (ERAP). J Pediatr
Adolesc Gynecol. 2004;17:341–346.

33. American Academy of Pediatrics. Menstruation in
girls and adolescents: using the menstrual cycle as a vital
sign. Committee on Adolescence, American College of
Obstetricians and Gynecologists, and Committee on
Adolescent Health Care. Pediatrics. 2006;118:2245–
2250.

34. Engle WA. American Academy of Pediatrics Com-
mittee on Fetus and Newborn. Age terminology during
the perinatal period. Pediatrics. 2004;114:1362–1364.

35. Phipps MG, Sowers M. Defining early adolescent
childbearing. Am J Public Health. 2002;92:125–128.

36. Treloar AE, Boynton RE, Behn BG, Brown BW.
Variation of the human menstrual cycle through re-
productive life. Int J Fertil. 1967;12:77–126.

37. Marti-Henneberg C, Vizmanos B. The duration of
puberty in girls is related to the timing of its onset. J
Pediatrics. 1997;131:618–621.

38. Stevens-Simon C, Roghmann KJ, McAnarney ER.
Bias in self-reported pre-pregnant weight: relationship to
body habitus and age. J Am Diet Assoc. 1992;92:85–87.

39. Holcomb J, Sheeder J, Scott S, Stevens-Simon C.
When are pregnant teenagers under, average, or over-
weight? J Pediatr Adolesc Gynecol. 2007;20:S120.

40. Manlove J, Ryan S, Franzetta K. Patterns of contra-
ceptive use within teenagers’ first sexual relationships.
Perspect Sex Reprod Health. 2003;35:246–255.

41. Manning WD, Longmore MA, Giordano PC. The
relationship context of contraceptive use at first inter-
course. Fam Plann Perspect. 2000;32:104–110.

Paternal Smoking and
Increased Risk of Infant
and Under-5 Child
Mortality in Indonesia
Richard D. Semba, MD, MPH, Saskia de
Pee, PhD, Kai Sun, MS, Cora M. Best, MHS,
Mayang Sari, MSc, and Martin W. Bloem,
MD, PhD

We examinedthe relationship bet-

ween paternal smoking and child

mortality. Among 361021 rural

and urban families in Indonesia, pa-

ternal smoking was associated

with increased infant mortality

(rural, odds ratio [OR]=1.30; 95%

confidence interval [CI]=1.24, 1.35;

urban, OR=1.10; 95% CI=1.01, 1.20),

and under-5 child mortality (rural,

OR=1.32; 95% CI=1.26, 1.37; ur-

ban, OR=1.14; 95% CI=1.05, 1.23).

Paternal smoking diverts money

from basic necessities to cig-

arettes and adversely affects child

health; tobaccocontrol should there-

fore be considered among strate-

gies to improve child survival. (Am

J Public Health. 2008;98:1824–1826.

doi:10.2105/AJPH.2007.119289)

Tobacco companies have gradually
shifted their market from high- to low-
income countries, where people are less in-
formed about the health risks of tobacco
use and antismoking policies are relatively
weak.1 Among poor families in developing
countries, smoking diverts money from basic
necessities to cigarettes2 and increases
the risk of child malnutrition.3,4 Environ-
mental tobacco smoke increases respiratory
disease in children.5 The relationship be-
tween paternal smoking and child health
has not been well characterized in develop-
ing countries.1 We hypothesized that pater-
nal smoking is associated with higher infant
and under-5 child mortality among families
in Indonesia.
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